Abstract-Ultra high molecular weight polyethylene (UHMWPE) contains fusion defects, arising during the processing of the reactor powder. These defects have been implicated previously in failures of UHMWPE load bearing surfaces, in knee and hip prostheses. To minimize the fusion defects of UHMWPE products, the low molecular weight solid paraffin (PW) was blended with UHMWPE. Our hypothesis was that the addition of PW could promote UHMWPE chain mobility and minimize the structural defects, thus improve the prop erty of consolidated UHMWPE. The morphology and property of UHMWPE blends with PW were investi gated by SEM, tensile test, DMA and stress relaxation. The addition of a small amounts of PW improved the surface flatness, bulk density and mechanical and wear properties of UHMWPE, presumably due to struc tural defect elimination through reducing entanglements and enhancing the chain mobility of UHMWPE.
INTRODUCTION
Ultrahigh molecular weight polyethylene (UHM WPE) has been the material of choice for joint arthro plasty [1] and number of applications demanding toughness, wear resistance, and low friction. However, the materials have numerous flaws, including incom plete consolidation and fusion defects. The extremely high molecular weight of UHMWPE, resulting in the high viscosity and very slow self diffusion of UHM WPE, makes it practically unavoidable to form inter particle boundaries [2] and defects during processing into products. The fusion defects could be potential sites for crack initiation and particle detachment under cyclic loading, thus shortens the service life of UHMWPE products. Currently, powder processing technologies by compression molding is one of major processing methods to consolidate UHMWPE resins into bars. In compression moulding of UHMWPE, two distinct types of fusion defects were identified [3] . Type 1 defects were residual inter particle voids arising from incomplete powder compaction. Defects of the second type (Type 2) defects were caused from poor interparticle cohesion by molecular diffusion across the interfaces which make diffusion deficient and inter particle interfaces. Although Type 1 fusion defects (incomplete interparticle voids) can be removed by properly controlling the consolidation conditions, Type 2 fusion defects (incomplete inter particle cohesion by self diffusion) are common in UHMWPE. The interface of Type 2 fusion defects of 1 The article is published in the original. UHMWPE may have less toughness than that of bulk UHMWPE and thus could be potential sites or failure under cyclic loading. To weld UHMWPE powder par ticles together to form a compact solid, N.C. Parasnis and K. Ramani increased the pressure applied on the melt of UHMWPE, thus improved the sintering time and consolidated polymer powder [4] . Based on accel erated diffusion of UHMWPE chains by control pro cessing temperature, Jun Fun elevated the tempera ture of compression molding, minimizing the struc tural defects and improving the toughness of consolidated UHMWPE [5] . J.J. Wu increased the mould time of UHMWPE, thus reducing the fusion defects of UHMWPE [3] . For the existence of struc tural defects in consolidated UHMWPE, one major factor is the extremely slow diffusion of the ultra long polyethylene chains during consolidation. Dynamic thermal analysis of entangled UHMWPE (M w = 3.6 × 10 6 ) showed a terminal relaxation time of 15 h at 180°C [6] , much longer than the conventional pro cessing time (usually less than 1 h at 190-250°C). At the boundaries of the resin powder particles where there are no entanglements at all before consolidation, chain diffusion may need longer time to establish ade quate entanglements. Therefore, it is not surprising that the granules "fused" at the current processing condition contain fusion defects. Since the self diffu sion coefficient (D) increases with reducing the molecular weight, it is possible to accelerate the self diffusion by blending UHMWPE with low molecular weight component to remove the fusion defects. Therefore, we hypothesized that the mechanical prop erty of UHMWPE could be improved and the defects of UHMWPE could be reduced by enhancing chain diffusion across boundaries, which could be achieved by adding some low molecular weight polymer such as solid paraffin (PW). To test this hypothesis, we deter mined the mechanical properties of UHMWPE blends with small amounts of PW after consolidation. The effects of PW on the entanglement, thermal and crystallization properties of UHMWPE were also investigated.
MATERIALS AND METHODS
Materials UHMWPE (M III), supplied by Beijing Eastern Petrochemical Co., Ltd, has an average molecular weight of 3.5 × 10 6 . Paraffin section was supplied by Shanghai Huashen Recover Equipment Co., Ltd. Antioxidant (Irganox 1010), 0.1 wt %, Shanghai Qiba Gaoqiao Chemical Co., Ltd. Acetone was supplied by Chengdu KeLong Chemical Industry Factory (Chengdu, China), analytically pure. The antioxidant is first dissolved in acetone and then mixed with UHMWPE at a mixing rate of 26000 rpm for 10 min. Mixtures containing UHMWPE powder, and different content of PW were blended in a heated double roller mixer for 10 min at 170°C (The UHMWPE/PW blends was denoted as PWx, where x is the percentage of solid paraffin; for example PW1 represents the solid paraffin is 1 wt %). The samples for further character ization were subsequently compression molded at 200°C for 15 min and then cooled at room tempera ture between two thick aluminum plates.
SEM Measurements
Samples were prepared by immersing the samples in liquid nitrogen for 10 min. They were then fractured near liquid nitrogen temperatures to prepare freeze fractured surfaces for SEM analysis. The freeze frac tured surfaces were gold coated and analyzed with an environmental scanning electron microscope equipped (SEM) (JSM 5900LV, Japan) under an acceleration voltage of 20 kV to qualitatively evaluate morphology.
Mechanical Measurements
Tensile strength was measured on an Instron 4302 Tensile Tester (England) according to GB 1040 92 with a crosshead speed of 50 mm/min. The T peel experiments were performed according to GBT 2791 1995, on an Instron 4302 tensile tester, at a constant speed of 50 mm/min. All data listed in this paper cor respond to average values of five measurements. The peel strength during tensile deformation of the sam ples, T is equal:
(
where F is the peel force, B is the width of the sample. Izod impact strength was measured on an XJ 40A impact tester (Chengde Precision Testing Machine Co., Chengde, China) according to GB 1843 80. Samples were prepared by immersing the samples in liquid nitrogen for 4h before conducted. Sliding wear tests were conducted using a MM200 wear tester (Shanghai, China) at room temperature according to GB3960 83.
Density and Thermal Property Measurements
Densities of moulded samples at 23°C were calcu lated by QL 120M. The thermal behavior of the UHMWPE/PW was measured by DSC (Mettler Toledo DSC1). With a nitrogen flow 50 mL/min, the cell temperature was ramped from 0 to 200°C at 10 grad/min.
Entanglement Measurements
In order to assess the entanglement of UHMWPE, stress relaxation measurement and DMA were per formed. For the stress relaxation measurement, sam ples were loaded to 8% strain at a rate of 100 mm/min, decaying of stress was monitored over a period of 20 min. Dynamic mechanical analysis (DMA) was performed in tensile mode using a TA Q800 DMA analyzer. The specimens were approximately 1 mm in thickness, 4 mm in width and 30 mm in length. The specimens were tested under a fixed strain of 0.2% at a frequency of 1 Hz with a heating rate of 3°C/min.
Thermal Stability and Oxidant Property Measurements
The thermal stability of UHMWPE/PW blends was investigated by using a thermogravimetric analyzer (NetzschTG 209F1) at a heating rate of 10°C/min from room temperature to 600°C under nitrogen atmosphere (100 mL/min) and air. To evaluate the chain scission, FTIR absorption spectra of UHM WPE/PW blends films were collected by using a Nico let Magna 560 FTIR spectrometer, scanning from 400 to 4000 cm -1 (step width 4 cm -1 ) in transmission mode.
RESULTS AND DISCUSSION
The surfaces of cryogenically fractured UHM WPE/PW blends was smoother in comparison to pure UHMWPE (Fig. 1) , indicating the defects were reduced [7] . As PW was compatible with UHMWPE, the addition of low molecular weight PW could enhance the mobility of chain segment of UHMWPE, the self diffusion of molecular chain of UHMWPE across the granule boundaries was promoted, and fusion defects of UHMWPE were reduced.
